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INTRODUCTION
Despite their widespread distribution, our limnological knowledge of small reservoirs is limited, particularly in Africa (ICOLD 1998) . The lack of information reflects a historical bias by scientists towards studying the riverine and lake ecosystems (ICSU-SCOPE 1972) . Reliable information on, for example, the status of essential nutrients or the presence of potentially harmful algal species is critical for holistic and integrated management of aquatic ecosystems (Naiman & Decamps 1990; Harper 1992) . One of the critical environmental problems facing the management of reservoirs worldwide is the regular occurrence of algal blooms as a result of progressive nutrient build-up.
The occurrence of algal blooms and biotoxins has mostly been related to lakes and reservoirs in low-lying, highly populated and often urbanised environments (Annadotter et al. 1999) . Such events are rare in highland and mountain areas except in cases of severe environmental degradation. Algal blooms usually occur because of the progressive eutrophication of water bodies. As a result of heavy nutrient leakage into the waterways, eutrophication is becoming a common problem in the high population density areas in the tropics. When nitro-Cyanobacteria are known to have a competitive advantage over other forms of phytoplankton, especially during the dry season, mainly because of their ability to fix nitrogen (Bowling & Baker 1996) . They are also known to have gas vacuoles, which enhance buoyancy and enable them to constantly migrate into the hypolimnetic zone for nutrient replenishment. These conditions enable them to survive under nutrient deficiency. The results of lake fertilisation experiments conducted by Schindler (1977) , cited in Harper (1992) , showed that controlled reduction in the ratio of nitrogen to phosphorus in fertilisers added to two separate lakes resulted in the appearance of nitrogen-fixing cyanobacteria of the genera Anabaena and Aphanizomenon. In South Africa, Thornton (1986) recorded that nearly 50% of the biological nitrogen input in Rietvlei Dam was attributed to Anabaena.
The prolific growth of certain algae, particularly the blue-greens, is also known to release toxicants such as hepatotoxins and lipopolysacharide endotoxins in the water (Harper 1992; Annadotter et al. 1999) . Microcystin, a cyclic peptide consisting of seven amino acids, is one of the most frequent hepatotoxins. The endotoxins, which are also known as lipopolysaccharides (LPS), also derive from the cell membrane of the cyanobacteria. Prolific growth of Mycrocystis aeruginosa, for example, is known to produce toxins, which cause liver ailments in water birds. The mysterious flamingo deaths, which have taken place in Kenya within the saline Rift Valley lakes (Motelin et al. 1995) , may be associated with such changes in phytoplankton composition towards toxin producing cyanobacteria.
The eutrophication studies undertaken in Kenya have mainly focussed on the chemical composition of lakes without dwelling strictly on the issue of algal blooms and cyanobacterial toxins (Melack 1976; Njuguna 1982; Kalff 1983; Kalff & Watson 1986; Harper et al. 1993) . The work by Pacini (1994) 
METHODS
Fieldwork was undertaken between 1998 and 2000. Sampling involved fixed area tri-zonal stratified sampling, which is similar to the single stratified sampling technique used by Balon & Coche (1974) in Lake Kariba. It is based on longitudinal, heterogeneous, biophysical zonation, which is common to most reservoirs according to previous research (Kimmel & Groeger 1984; Rast & Ryding 1989; Tundisi 1993) . This strategy minimises the clustering effects of simple random sampling (Smartt & Grainger 1974) . The focus of the study was on free-floating planktonic algae, which are more abundant in water and much easier to sample. The assessment of composition and density was made from 1-cm 3 aliquots sampled from 500 cm vertical water samples fixed with buffered 5% formaldehyde. The sub-samples were extracted using a pipette after thorough shaking of the sample. The cells were identified and counted from transects in the Sedgewick-Rafter counting chamber using a Leitz inverted microscope (magnification: 200 × D = 0.48 mm 1-3 diagonals). The cell densities were initially expressed as individuals/ml and later converted to cells/l. The collection, handling, identification and counting of phytoplankton followed techniques of Lund et al. (1958) , Brower & Zar (1977) and Padisak (1993) .
In April 2000, three 15-cm 3 water samples were collected in pyrogen-free tubes from the Kinangop reservoirs, frozen and sent to the Department of Limnology at Lund University in Sweden. The samples were analysed for microcystin using the enzyme-linked immunosorbent assay (ELISA) procedures according to Meriluoto (1997) .
They were also analysed for endotoxins using the chromogenic limulus amoebocyte lysate assay test (CLALA) (Annadotter et al. 2001) . Another set of samples was collected from the reservoirs in April 2001 and the same Table 2 ).
The qualitative analyses of phytoplankton species 
DISCUSSION
The composition and biomass of phytoplankton in the reservoirs was quite similar to the Rift Valley lakes (Kalff & Watson 1986) . Kalff & Watson (1986) observed a period of low biomass in Lake Naivasha between October and December, which was quite similar to the pattern observed within the study reservoirs. One major difference between the reservoirs and lakes is the poor diatom community in the reservoirs. Diatoms have, for example, been found to be quite dominant in Lake Naivasha. At Lake Masinga, which is relatively young, Pacini (1994) established that the main taxa comprised mainly of diatoms and cyanobacteria.
The scarcity of diatoms in the small reservoirs investigated in this study was probably caused by low water The condition in the reservoirs appeared to indicate constant nutrient enrichment because of the common presence of Microcystis aeruginosa which is not known to thrive in nutrient poor waters (Finni et al. 2001) . The shallow nature of the reservoirs would also facilitate constant mixing. The problem with cyanobacteria is their ability to produce toxins that may cause death if ingested in sufficient concentration by domestic animals and wildlife.
The development of cyanobacterial blooms has been associated with toxicity, which causes problems of livestock health in many parts of the tropics. In South Africa, cyanotoxins have been responsible for frequent cattle deaths (Thornton 1987; Marshall & Maes 1994) . In Australia, the cyanobacterial blooms which occurred in the calm and sluggish sections of the Barwon-Darling River, caused livestock deaths (Bowling & Baker 1996) . In the United Kingdom, Microcystis blooms are known to produce toxins whose ingestion by domestic dogs and grazing animals often causes death or sickness (Harper 1992) .
Cyanotoxins can pose significant health risks to humans if ingested in sufficient concentrations. They are known to cause gastroenteritis and skin irritations (Bowling & Baker 1996) . However, the effects on human health have not been thoroughly investigated within the tropics. According to Tarczynska et al. (2001) , one well- They have no primary target organ like the hepatotoxins but usually affect any exposed tissue and are therefore less harmful, unless when drunk by an unhealthy individual.
Their impact in the Kenyan study area can be high because of the low immunity associated with the prevalence of HIV.
In Lake Chivero, a subtropical drinking water reservoir in Zimbabwe, the occurrence of toxin-producing blue-green algae has recently been discovered (Annadotter et al. 1999) . The alga, Microcystis aeruginosa, was found to produce microcystins and lipopolysacharide endotoxins. The total dissolved concentration of the two toxins, which ranged between 1.5 and 13.9 µg/l in the reservoir, and 1.5 and 3.9 µg/l in the tap water, was found to have significant effects on public health. The Lake Chivero toxin concentrations were higher than the concentrations for the Kenyan study reservoirs, which are also smaller in size.
According to Robarts & Zohary (1987) , cited by Bowling & Baker (1996) , high water temperatures of 25 to 30°C were optimal for the cyanobacterial growth in the Barwon-Darling River, Australia. Dissolved oxygen and pH values were also high, especially at sites with abundant cyanobacteria. According to Bowling & Baker (1996) , total phosphorus concentration in the Barwon-Darling
River was very high at the time of the bloom. In Japan, Kuwabara et al. (2001) observed that the growth of
Microcystis aeruginosa, one of the toxin-producing phytoplankton species, was faster at higher temperatures although it could still survive at low temperatures.
These results reflect high toxin vulnerability in the Kenya reservoirs due to high water temperature.
CONCLUSIONS AND RECOMMENDATIONS
The toxin results of this study indicated that the cyanotoxin concentrations were well above the recommended WHO safe limits for drinking water in the three water bodies examined. Monitoring is therefore recommended where the drinking water is taken from reservoirs with regular cyanobacterial blooms. In Kenya, the conditions of cyanotoxin intoxication are quite similar to those of malaria and typhoid fever, which means that incorrect diagnosis is quite possible in the absence of careful laboratory analysis and good scientific collaboration between medical and water resources scientists.
The following considerations and adjustments could eventually improve the quality and quantity of reservoir resources and minimise the risk of future disasters, especially those of disease epidemics:
(a) Regular monitoring of cyanotoxins where the drinking water is taken from reservoirs with a 
